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Introduction

Throughout the ages; llleep has been the aubject

of much consideration.

Sinoe the time of Ariatotle,

every great literary pereonage or philosopher has

written something concerning aleep.

These writings,

however, were purely speculative or fanciful and had

no scientific basis, and as a result little knowledge

of any real value as to the phyatology of sleep was

recorded.

On this aoore, Dr. samel Johnaon, the famed

lng
_ liah author and or1tic, as late as the latter part

of the lighteenth Oentury, wrote, •sieep ia a state in
which a great part of every life is paaaed •...... yet..

of this change, ao freque nt, ao great, ao general, and
ao �eceaaary, no aearcher hae yet fo�nd either the

effictent or final oauae, or can tell by what power the

■ind and body are thus ohained down in irresistible
stupefaction.•

Later in the evolution of our knowledg• concerning

sleep, the work passed into the bands of the paycbolo

gists, and in 1913 Henri Pieron, the French psycbologiet,
published bia great work, "Le probleme' phyeiologique

du Somme1l"(S4), in which he aet forth the meager know

ledge whioh had been gleaned up until that time and in

which he advanced his theory of sleep.

rrc{j) this time

forward, then, the problem has been attacked chiefly by
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physiologists, pharmacologists, and clinicians, and
the first serious attempt has been made to explain
sleep on a physiological basis.

In 1929, Kleitman(43) published his exhaustive
review of the literature that appeared after . 1913

and therefore in the main I shall limit my review to
the work done since that time.
•
The subject of sleep is not only important to the

laboratory worker as an experimental problem but is
of the utmost importance to the clinician as well.

In

any case sleep is one of the primary necessities for
mammalian life.

It has been shown that dogs are killed

more quickly by deprivation of sleep than they are by
deprivation of food (4Z,55)e

There is evidence that

prolonged sleeplessness causes various pathological
changes (55) and therefore the necessity for procuring
sleep in patienta who have been deprived of it by pain,
cough, etc., and the necessity for sleep in the course
of therapy of any disease or physiological disturbance
is self-evident.

In spite of these facts, the problem

is much neglected and that work wh i ch has been done is
both patchy and incomplete;

therefore it is impossible

to consider conpletely the subject of sleep, but an
attempt to bring together in one paper that knowledge
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which bas been obtained and to discuss such knowledge
11 possible.

This, then, is our aim.

Sleep may be defined as a state of relative unconsciousness from which a subject can be aroused by
the application of harmless stiml1.

The reversibil-

ity of the phenomenon, its recuperative character, and
its natural sequence distinguish it from other unconscious states.

Normal sleep appears to be a protect-

ive habit which resembles hunger in that it appears
long before any acute physiological need has arisen.
Hunger appears at normal meal times, and if unsatisfied, it passes off.

Similarly, the desire for sleep

appears at the normal time for repose, and if unsatisfied, it too passes off.

In either case abstinence

after a time will produce an imperative demand.

On

the other hand, some of our authors on this subject
believe that sleep is the normal state, and that had
it not been for the necessity of food, shelter, and
protection against enemies, we should have slept all
of the time.

Montgomery (59), one of the earliest

authors on sleep, writes, •It has been supposed that
sleep is produced by a soporific agent generated by
our cellular activity when awake, and would it not
be just as logical to suppose that during sleep an
exciting agent was generated which when enough was
produced aroused the individual to conscious activity?N

-2)(uch earlier than this, Rabelais, the great French
physician, had much the same idea as have numerous
other men since, some of whom will be mentioned in
later references.
Then, as to the cause of sleep.

There have

been in the past as many theories on this subject
as there have been authors, but, as stated previously, few of these men produced any evidence in their ·
support.

The present status of the theories of sleep

is far from the complete and satisfactory explanation
of the phenomenon, but the relatively large amount of
published results emanating in recent years from the
leading physiological laboratories of this country
and pre-war Europe point toward the securing of a
sound physiological solution in the very near future.
One of the earliest theories was introduced in
1895 by Mathias Duval (21) who suggested that in sleep
there occurred a retraction of the dendrites of the
nerve cells of the Central Nervous System so that contact was broken and therefore the associated brain
processes were interfered with.

There is, however,

no histological evidence offered t o support this.
Another, the osmotic theory ( 36), suggested that
the nerve cell as a result of its functional activity
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became saturated with water and so diminished in
excitability.

Also, that due to their activity the

osmotic pressure of all cell~ was increased and drew
water · in, this in turn raised the osmotic pressure
of the· surrounding lymph, and the lymph drew in water
from the blood which became more viscous.

This there-

fore flowed more slowly and thus sleep was produced.
However, Pieron (64) states that a hypertonic condition of the blood produces not somnolence but restlessness and even convulsions.

Gibbs and bis fellow-

workers (25) could find no change i n the cerebral
flow during sleep.
Shepard's theory (73) states that as we go to
sleep we become absorbed in a mass or complex of
fatigue sensations.

These inhibit strongly other

processes especially motor activity .. and consciousness of strain sensations from the muscles.

In

refutation of this theory I need o.nly say that is
unnecessary to be fatigued either muscularly or
mentally in order to fall asleep.
The anemia theory, based on the experimental
fact that interference with the supply of blood to
the brain brings on unconsciousness almost immediately, suggests that the alteration between sleep-
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ing and wakirg, then, may be connected with a rhythmical variation in the blood flow through the cortex.
The theory goes on to state that the brain must possess an efficient supply of vasomotor nerves which
during the waking hours are in tonic activity, but,
in sleep, suffer a diminution in tone that leads to
a local dilatation.

Hill (33) and Howell (35) have

been the chief exponents of this vasomotor fatigue
theory.

Howell later admitted that subsequent evi-

dence had failed to confirm his poei tion, but on the
other hand Brush and Fayerweather (7) state that
their findings are in accord with the vasomotor
theory of sleep.

Shepard (72), by observations upon

two individuals wttb skull defects, showed an actual
increase in the brain volume durin g sleep and a corresponding rise when the individuals were awake.

He

states that this is true of the periphery as well,
and that the control of the brain circulation is not
a matter of the general blood pressure but that there
is apparently a constriction and an expansion of the

cerebral arteries themselves.

He concludes that

sleep is not due to an anemia of the brain, and that
perhaps blood pressure has nothing to do with it;
further, it may be that any considerable change in
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the size of the small vessels disturbs the axondendrite connections sufficiently to bring on sleep.
Kleitman (42), in his work with puppies deprived of
sleep for several days, brings forth both direct and
indirect evidence to show that anemia of the brain
is not essential for sleep in these puppies.
Leonard Hill (33) in 1898 was the first to
measure the blood pressur~ of man during sleep.
showed that it dropped.

He

In an exhauat_ive expert-~':

mental study, Walden (75) in 1900 also showed that
the blood pressure dropped during sleep as did
Brooks and Carroll (6) in 1912.

Blankenhorn and

Campbell's work (3) in 1925 further demonstrated
that the blood pressure dropa during sleep and that
the systolic was lowest at the fourth hour, had a

M

slight rise before waking, and bad an abrupt rise
after waking to a point equal to the first hour of
sleep.
fall.

The diastolic shows a like though lesser
The pulse shows a curve similar to the blood

pressure.

These men concluded that the drop in

pressure was chiefly due to the fall of the pulse
rate and was partly due to the peripheral relaxation, and therefore was an effect rather than a
cause of sleep.

Landis (49} found the same general
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blood pressure changes as had the others and went
on to show that body position had no effect on the
pressure.

From this he concluded that circulatory

changes are the resultant rather than the causation
of sleep.

Gibbs and his co-workers (25)~ who used

a thermoelectric blood flow recorder to show the
flow through the internal jugular vein, found no
significant change in the blood flow during sleep
and reported this as an argument against the anemia
theory of sleep unless a vasoconstrictiori in a localized sleep center might be considered.

Kleitman

(40) found no change in vasomotor tone in a subject
after one-hundred and fifteen hours of sleeplessness
although he did find a drop in blood pressure which
he attributed to the relaxation of the sleepy subject rather than due to a vasomotor center fatigue.
Pieron•s theory (64), introduced in 1913, is
that of a sleep producing substance or hypnotoxin
being produced during the waking hours.

:

From the

blood and spinal fluid of dogs subjected to long
periods of insomnia he isolated a sleep toxin,
hypnotoxin, which when injected into a normal dog
produced somnolence.

Schnedorf and Ivy (69) work-

ing in 1939 corroborated Pieron•s work.

Ranson (66)

-7states that the work of Pieron does not conflict with
his own work in attempting to establish a sleep center,
but rather that it is an important mechanism in the
production of sleep.

Other workers have postulated

the accumulation of lactic acid, cholesterin, oarbondioxide, the leukomaines (the unoxidized products oftained from muscle), and the products of metabolism
in general as the cause of sleep.

All of these toxins

were supposed to be the result of waking and to be

destroyed during sleep.

Holmgren showed that an aque-

ous extract of the liver of a sleeping mouse had an
hypnotic effect when injected subcutaneously into
the human (34).
demonstrate this.

Schnedorf and Ivy (69) could not
Hess (31) asks the question, "Are

there sleep hormones or sleep producing substances?"
In answering this question, he states that these may
play a par.t -~ either the hypnotoxin of Pieron (64)
or the bromhormone theory advanced by Zondek and
Bier (77) who suggested that the bromine compounds
of the pituitary were substantially diminished during
artificially produced sleep but that the oromine content of the medulia oblongata during sleep is considerably higher than it is in the waking state.

They

contend that the pituitary empties itself of the brom-

-8~

hormone to induoe sleep and fills up when waking
occurs.

There are many strong objections to the

hypothetical hypnotoxin.
contradict it.

our own daily experiences

We can sleep when not fatigued, and

certain individuals can awake at a prearranged hour.
At the present time there are four outstanding
modern theories as to the cause of sleep.
let us consider Pavlov•s theory (62).

First

In the de-

velopment of differentiated conditioned reflexes,
where an animal is taught to respond to one stim-

ulus with an excitatory response and to another
very similar stimulus with an inhibitory response,
Pavlov showed that sleep was very apt to supervene
during the experiment.

He also showed that during

the time interval of the delayed reflex, where a
dog having been trained to respond to a bell with a
salivary flow could by further training be made to

have a cessation of the flow by the sound of a
metronome, hie dogs would go to sleep and awaken
in time for the salivary response.

As a result of

these very numerous experiments Pavlov concluded
that, •sleep and what we call internal inhibition
are one and the same process.

Internal inhibition

during the alert state is nothing but a scattered
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sleep.

Sleep of separate groups of cellular struc-

tures and sleep itself is nothing but internal inhibition which is widely irradiated extending over
the whole mass of the hemispheres and involving the
lower centers of the brain as wel l .

This sleep may

be patchy, leaving one analyzer free, as in the
sleep of a mother easily awakened by a slight sound
from her babe."

This is not quite satisfactory as

Kleitman (43) points out in hie review of sleep.
Sleep may last a long time or a short time.
determines the temporal inhibition?

What

Also, if the

entire cortex is non-functioning, as Pavlov states,
ho• is dreaming, involving as it does analysis of
sensations on the basis of previous experiences
(memory), possible?

Kleitman (44) also showed that

dogs fell asleep while they were "conditionally"
secreting saliva and that sleep in these oases
caused a cessation of the conditioned salivation
rather than developed as a result of such acessation.
The second theory, and one whi ch has much evidence to support it, is that of a sleep center in
the brain.

There are several fields of inquiry

which contribute evidence suggesting that certain

-10areas of the grey matter of the diencephalon are
more intimately connected with sleep than are other
parts of the cerebral structure.

The fields in

which most success has attended experiments are;
(1) clinical studies, (2) work on experimental
animals, and (3) pharmacological studies.
In 1890 Ludwig Mauthner (56) , a Viennese
ophthalmalogiet, announced before the Vienna Medical Society in an informal communication an original conception of the mechanism of sleep.

Mauthner

remarked that all chronic forms of epidemic encephalitis lethargica, which was then radiating from
northern Italy to the adjacent Austrian provinces,
had in common as complications, ptosis and ocular
muscular paralysis, and macroscopically showed engorgement of the walls of the third ventricle and
the Sylvian aqueduct.

Hence he conceived that

physiologic sleep depends on a temporary suspension
of function of the per1ventricular grey matter which
thus interrupts conduction both to and from the
cortex.

The ptosis of the lids in drowsiness and

tbe simultaneous diplopia, according to his theory,
indicated that the innervational disturbance of
sleep extended to the adjacent oculomotor nuclei.

-11His theory was ignored for one-quarter of a century.
-

It was not until 1916 that von Economo (22), who had
had wide experience with patients suffering from a
pathological tendency to sleep, revived this conception of sleep and localized this sleep center in
the same area in which Mauthner had placed it.

He

also noted the eye changes which accompanied a
pathological desire for sleep and concluded as did
Mauthner that the center was near to the oculomotor
nucleus.

Since that time further important clin-

ical studies have contributed to an anatomical
location of a sleep center.

Luckech (54) reports

a patient in which there was an embolism in the
floor of the third ventricle, resulting in a fourteen day period of nearly unbroken sleep.

Fulton

and Bailey {23) report a patient with a tumor in
the space behind the optic chiasma.

Her chief

symptom was drowsiness for four to five years from
which she could be wakened only long enough for -.
meals.

Gillespie, after clinical studies, brings

under the general theory of sleep the importance
of the grey matter at the base of the brain.
basal grey matter,

N

"The

he states, "mai,ntains character

as a center for vital activity in which episodically
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a diminution favors the onset of diffuse inhibition
known outwardly as sleep."

Globue (28) states that

a localized mechanism •hich regulates sleep can be
mapped out on the basis of the known distribution
of anatomic lesions in cases of lethargic encepha•
litis.

He places it in the wide zone of the grey

matter covering the lateral and posterior walls of
the third ventricle and extending into the hypothalamus and the mesencephalon.

On the other hand

Rowe (68) concludes that a survey of the literature
dealing with the lesions of the interbrain associated with hypersomnolence shows that the evidence
favoring various localizations of the sleep mechanism in the diencephalon is inconclusive and not
entirely satisfactory.

His study suggests bilateral

damage to the doreomedial nucleus, the periventricular system, and the midline nuclei was responsible
for the alteration of the sleep rhythm.

Haberman

(29) states that there is no sleep center nor is
sleep occasioned through subcortical block.

He

adds, 'Sleep is a psychophysical sequence--a cortical manifestation.
cortically produced."

In encephalitis it is likewise
This of course means very

little in itself and the author offers . no further
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explanation nor experimental evidence to support
such a statement.

Regardless of the exact location

of such a sleep center, it is apparent that in neoplasms of the cerebral grey matter of the third
ventricle the somnolence increases as the growth
progresses.

Why then is destruction of this area

accompanied by an increase in sleep and not a diminution as would be expected if the injured region

were concerned with the induction of sleep as most
writers believe?

Camp (8) states that we normally

sleep and that the so called sleep centers are in
reality awake centers.

w.

R. Brain (5) alao refers

to this center as a aleep.-waking center.

In support

of such an idea serota (71), following animal experimentation, reported that sleep decreases and
stabilizes the relative temperature of the hypothalamus.

On awakening, the temperature of the

hypothalamus rises earlier and higher than that of
the cortex, of the caudate nucleus, and of other
parts of the brain.

He concludes tbat the decrease

in temperature of the hypothalamus is due to lowered cell metabolism rather than to any marked
change in blood flow, that this indicates that
sleep is associated with an apparently decreased
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rather than an increased activity of a hypothetical
sleep center, and that this center must needa be an
awake center.
Of the work done with animals in support of the
presence of a sleep center, some experiments showed
that in sleep the only detectable blood alterations
were in its content of calcium and potassium ions-the calcium being diminished.

Demole (18) assumed

that while calcium decreased in the blood, it accumulated at the base of the brain in the region of
the tuber cinereum.

In cats he obtained profound

sleep (closing of the eyes, myosis, pulse slowing,

muscular relaxation) by injecting a solution of
calcium into the grey substance of the sub-thalamic
region mentioned.

This area corresponds closely to

the area occupied by the tumor of Fulton and Bailey's
patient (a3).

However Cooperman (12) has shown that

although during sleep both the total serum calcium
and serum proteins decrease, there is a resultant
slight but consistent increase in the calcium ion
concentration of the serum.

I).lring rest without

sleep similar changes occur.

During both sleep

and rest for shorter periods a more marked decrease
in total serum calcium occurs but the ionized cal-
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cium remains the same.

He concludes that changes

in the shorter periods of sleep can be correlated
with an increase in the circulating plasma volume.

Cooperman states that his results disagree with
Cloetta•s views that calcium passes from the blood
into the tissues during sleep.

Collip (ll) showed

that the alkali reserve of the blood plasma is
either unaltered or decreased during sleep.

Further

animal experimentation has been done by Ranson (66)e
His was an exhaustive work consisting of the production of lesions in the monkey brain at different
levels and in this manner localizing a sleep center.
He places the location in the same position as did
the earlier clinical observers.
Pharmacological studies give evidence for the
location of the sleep center by showing hypnotic
drugs to be concentrated almost entirely in the
basal ganglia and almost not at all in the cortex
or in the centers below the diencephalon.
ably they are found where they act.

Presu~

Kieser and

Kieser (39), in their pharmacological analysis of
the brains of animals which had been given large
doses of hypnotics before death, recovered morphine
from the diencephalon, thalamus, and walls of the
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third ventricle and from the cerebral hemispheres,
but never from the mid-brain, pons , medulla or
cerebellum.

Barbituric acid derivatives were found

concentrated mainly in the thalamus and to a lesser
degree in the corpus atriatum but never in the hemispheres, medulla oblongata, pons or cerebellum.
The action of hypnotics is essentially depressant.
Their action in inducing sleep is evidently by depressing the functional activity of the parts where
they are concentrated.

Loehr (53} in examining

this work states that it would follow that the regions named by Kieser and Kieser cannot be exciters
of sleep for the drugs would result in insomnia and
not the opposite conditions.

This would argue for

the basal grey ganglia being centers for the waking
state and not centers for sleep.

Hess (31} by

injecting small quantities of ergotamine into the
third ventricle obtained the following results.
Soon after the injection the animal loses all
interest in its environment.

The pupils become

contracted although external stimuli will bring
about a momentary dilation of the pupil and awaken
the animal.

If left in peace the animal will then

go to sleep again.

Also by electrical stimulation

-17of the diencephalon portion of the brain stem, these
cats were brought into a state characteristic of
physiological sleep as indicated by the condition
of the eyes, the posture of the body, and the general
psychic behavior.

The animals responded to external

stimulation much as in normal sleep.

When awakened,

they behaved normally and not like anaesthetized
or stupefied animals. · Dikshit (19-20) reported
the production of a condition closely resembling
sleep by the injection of small doses of acetyl
choline into the lateral ventricle or deeper into
the hypothalamus of previously trephined cats.
SChnedorf and Ivy verified this in part.
The third major modern theory is Hess's belief
(31,32) that sleep is a vegetative process by which
the autonomic nervous system regulates the activity
of the higher cerebral functions.

Bess states,

"Sleep is a function of the Central Nervous System
and is reflective in character, the end organs of
the reflex being those centers in the brain which
serve the ani~al functions.

The important feature

of Pavlov's theory is its cortico-central basis.
I maintain that the phenomenon 1s produced by the
Central Nervous System and that sleep is by its
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very nature a vegetative function controlled by
orderly reflexes.

I will state a few of the obvi-

ous questions this theory raises:

(1) If a reflex

mechanism is at work in sleep what is its exciting
stimulus and where and how does it act?

(a) If the

autonomic nervous system serves as a mediator is
not the endocrine system also involved?

(3) A

reflex postulates a reflex center where does this
lie?

(4) Lastly what is the proof of this theory.

It is clear that external stimuli are not without
significance and this is the field in which Pavlov's
conditioned reflex theory can be correctly applied
to the phenomenon of sleep.

The atmosphere in the

sleeping quarters, the bed, and the time are .factors
which through habit and training have become so
closely related to the onset of sleep that they conati t ·u te conditioned stimuli.

They play much the

same part as the clatter of plates and the odor of

food at dinner time play in exciting salivation."
His second hypothetical question has been taken
up previously in the discussion of Pieron•s theory.
To the third be applies the work of von Economo as
evidence.

Also he states, •xoch has shown that a

aleep~like inhibitory state can be produced reflexly

-19by way of the carotid sinus and that parasympathetic

tone is similarly increased.•

As proof of the theory,

in answer to his fourth question, Hess states that
he regards sleepers• contracted pupils as evidence
of a change in the equilibrium between the two complementary portions of the vegetative nervous system.
1n further proof of his theory, Hess then set about
to disturb the equilibrium between the sympathetic
and the parasympathetic nerves and he desired a.
drug which would stimulate one and depress the other.
Thus he continued with the experiment with Ergot
previously described.

Lebensohn (50) suggests that

the evidence of impaired function which the ocular
apparatus shows by drooping lids, dri· eyes, and
congested conjunctivas can be explained as a sequence of muscular fatigue and depression of the
sympathetics and cortical activity--these three
effects being interrelated.
The fourth and last modern theory is that of
Nathaniel Kleitman (43) who has done more work with
sleep in recent years than any other person.

On

the basis of extensive experimental work on the
subject of sleep in man, he proposed a complete
theory of sleep which he called an attempt to syn-
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theeize the many ideas advanced at one time or another by various investigators.

The six cardinal

points in Kleitman•s theory are:
(1)

Sleep is an easily reversible inactivity

of the highest functional centers of the cerebral
cortex.
(2)

This inactivity is due to a functional

break between the cerebral cortex and other parts

of the Central Nervous System.
(3)

The functional break results from a

marked decrease in the numbers of efferent impulses from the sensorium, especially proprioceptive
impulses which depend upon the degree of muscle
tonus maintained.
(4)

Sleep is due to the fatigue of the neuro-

muscular mechanism concerned in the maintenance
of muscle tonus.
(5)

In the abscence of such fatigue of the

neuromuscular mechanism concerned in the maintenance of muscular tonus, sleep may result from a
complete muscular relaxation, intentional or unintentional.
(6)

The diurnal alteration of wakefulness

and sleep 1s a conditioned phenomenon.
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Although this theory does by no means answer
all the questions regarding sleep it is the most
acceptable of all the theories which have been presented--incorporating as it does most of the experimental work which has been done.

In support of

his theory Kleitman (42) presented work done with
puppies.

He showed that their ability to stay

awake for a long time was directily related to their
neuromuscular endurance.

He (45) also showed that

there is a diurnal variation in the speed and
accuracy of performance in man with a maximum in
the afternoon and a minima early in the morning and
late at night.

He concluded that this variation

like that in body temperature (•6, 47) and urinary
excretion of phosphates (•1) may be due to a diurnal
rhythm in the tonicity of the skeletal musculature
which is probably responsible for the development

and persistence of the diurnal sleep habit.
In 1940 McCormick (57) postulated a new concept of the physiology of sleep.

He states that

since vitamin B1 is essential in carbohydrate
metabolism, continued physiological and mental
activity depletes the store of B1 and therefore
sleep comes on as a result of fatigue and is a
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protective response of the organisms to prevent exhaustion of the

Bi

Vitamin reserves.

By the same

token if there is a considerable deficiency, then
sleep continues as a pathological sleep such as encephalitis.

In substantiation of such a theory the

following are reports are given:

(1) Quastel and

Wheatley (65) have shown that narcotics greatly increase the B1 requirement; (2) Gerard {24) has
shown that the oxygen tissue respiration of the
nervous system is thirty times that of the other
body tissues and is essentially a carbohydrate
metabolism;

(3)

Peters and Kinnersly (63) have

reported that vitamin B1 increases the uptake of
oxygen of the cerebral tissue and therefore in
the absence of adequate Bi the accumulation of
lactic acid and the pyruvic acids with consequent
anoxia would be greater in the cerebro-apinal
system.

Schoeffel (70) discovered in himself that

ascorbic acid in adequate doses permitted him to
enjoy adequate and restful sleep.

Following this

observation he and his co-workers administered
1-cevitamic acid to forty insane and twenty sane
individuals all of whom were suffering from insomnia.

Other than insomnia or insanity these sub-
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jects were in good health.

All the subjects were

given one gram or more of 1-cevitamic acid daily.
Restful sleep was experienced by the sane group
after the first to the third one-gram dose daily.
Thirty of the psychotic individuals received restful normal sleep after receiving one to seven daily
one-gram doses.

Several extremely disturbed pat-

ients required two one-gram doses daily while
another slept normally after an increase to three
one-gram doses daily.

The administration of the

vitamin was discontinued immediately on reports or
observations of normal sleep and was not resumed
until after the subjects again reported or were
observed to have difficulty with sleep.

The dur-

ation of the beneficial effects of vitamin C was
from one day to one week and were more and varied
with the individual.

overdose produced sound sleep

from which the patient could easily be aroused,
and this sleep was followed by drowsiness during
the day but disappeared within twenty-four hours
after the administration of the vitamin had been
stopped.
Aside from the work and thought which has been

reported in an effort to prove or disprove one theory
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or another, some scattered and isolated pieces of
work have been done, , a few of the most indicative

of which will be mentioned here.

A large volume

of work has been done with r _e gard to brain potentials and their relation to sleep.

This work is rel-

atively new and is still in a confusing if not confused state.

However Davis and hie co-workers (14)

showed that when a person goes to sleep the pattern
of his brain potentials alter s systematically, and
they pointed out five clearly defined stages of
change.

Further work has been done by Davis et al

(15) in a search for changes in the direct current
potentials of the head in sleep.

Blake and Gerard

(1) studied the brain potentials of young adults
during normal night sleep, ,afternoon napping, post
insomnia sleep, and in one ca se hypnosis.

The

depth of sleep was independently determined by the
duration of a fixed sound required to awaken the
subject, by movement, and by respiration, etc.,
and an _orthodox sleep curve for the night was so
obtained.

These investigations showed that the

potential patterns correlate with the depth of
sleep not only over long time changes but in most
cases rather accurately over short time changes.
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A very good discussion of factors influencing brain
potentials during sleep is given by Blake, Gerard,
and Kleitman (2).
Much work has been done with regard to changes
in the temperature, insensible perspiration, and
caloric output during sleep.

Day (16) describes the

changes in the rate of loss of weight (insensible
perspiration) which accompany sleep and also the
parallel changes in the rectal and cutaneous temperatures.

These have been found to be unexpectedly

large especially during the first hour.

Day con-

clude$ that the physiologic thermostat is set lower
in the Central Nervous System for sleep than it is
for being awake.

Levine and his co-workers (52)

report that the caloric output is

1si

to

4~

less

and Wang and Kern state (76) that the caloric output is 5% to 3~ less in sleep than it is in the

quiet waking state.

In a further study Day (17)

suggests that the phenomenon described results from
a purposeful reaction by the body to thermoregu-

latory changes associated with sleep rather than
that they · are due to inadvertent changes on relaxation in the sympathetic nervous syeteme

He

speculates as to the relative importance in temp-
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erature regulation of a central mechanism and of
peripheral temperature sense receptors.

He states

that the rectal temperature always falls at first
in sleep, and then becomes level so abruptly that
some regulatory mechanism must be in operatione
In attempting to describe a sleep curve,
Mullin and Kleitman (60) showed that on the basis
of variations in the threshold of auditory stimuli
necessary to awaken the sleeper, it was demonstrated
on twenty subjects (normal adults, normal children,
and feeble minded adults) that following the onset
of sleep there is first a graduals shaped decrease
in irritability reaching a maximum in about twentyfive minutes;

second a period of sustained low ir-

ritability of similar duration; and third a fairly
rapid increase in irritability not quite to the
waking level during the next ten minutes.

The

whole duration of the initial depth of the sleep

curve is about one hour, and it is usually not duplicated either in length or depth during the rest
of the night's sleep.
With few exceptions, every author on this sub-

ject, including this writer, has begun his paper
by stressing the importance of receiving adequate

t

-27amounts of sleep both in health and in the therapy
of disease.

Attempts throughout the ages and in

many larids have been made to formulate rules on the
required length of sleep for adults.
follow:

Some of these

Eight hours for sleep, eight hours for work,

eight hours for play;

Eight hours for sleep, eight

hours for _work, eight hours for prayer;

Sii hours

for a man, seven for a woman, and eight for a fool;
Nature requires five, custom takes seven, laziness
takes nine, and wickedness eleven;

Seven hours

sleep is christian, eight hours sleep is human,
nine hours sleep is beastly;

and wake up with them;
have had enough.

Retire with the birds

Sleep until you feel you

Brain (4) made a survey of hun-

dreds of the most prominent people in every field
of endeavor in the United States and reports that

it is apparently imperative that the average person
receive eight hours of sleep out every twenty-four.
The depth or quality of this sleep was measured by
the presence or absence of dreams, the eaee of waking by stimulation with a light, noise, or a touch
on the skin, and the sense of restfulness on arising.
Objectively it is graded by the number of movements
that may be observed during sleep.

The ' poorer the

.

-aasleep, the less rested is the individual on arising.

People sleeping out of doora or in amply ventilated
rooms as a rule sleep deeply and hence beoause of
the quality require less duration of sleep.
Now modern investigators come along trying to
show that we sleep much more than is required.

The

Irish poet, Thomas Koore, said years ago that the
best way to lengthen the days was to shorten the
nights.

Kleitman (40) in 1923 studied the results

of the loss of one-hundred and fifteen hours sleep.
He reported that the blood-sugar, alkaline reserve
of the blood and plasma, per-cent of hemoglobin,
per-cent of red blood cella, red and white counts,
body weight, basal metabolic rate, appetite, temperature, ability to name letters and to do mental
aritnmetic showed no variations from the normal
during the periods of sleeplessness.

The respir-

atory rate, heart-rate, and blood pressure dropped
but this was due, according to Kleitman, to relaxation of the sleepy subject.

He also found a

greater excretion of phosphates and acids at night
but on a reversed routine, with the subject sleeping in the daytime the condition was reverseda
Therefore, he concludes the greater excretion is
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due to sleep.
(9, 10).

This confirms Campbell and Webster

Lee and lleitman (51) in further ex-

periments showed that their was an inability to
sustain attention and maintain equilibrium.

They

explain this on the basis of muscular fatigue.
There were no other changes.

Cooperman, Mullin, .

and Kleitman (13) showed that during a period of
prolonged wakefulness, sixty hours, the subjects
developed a marked increase in cutaneous sensitivity to painful stimulation while there was no
ohange in sensitivity to touch.

These individuals

after sixty hours of sleeplessness slept from
eleven to thirteen hours instead of the usual eight
to nine hours.

Thia sleep showed less motility.

Katz and Landis (37) kept one subject awake for
two-hundred and fifty hours and could disoover no
ill effects except that the su·bjects visual acuity
was somewhat impaired.

It is Kennedy's (38) belief

that there may someday be a sleep substitution in
the future.

He states that he has seen a man with

disease of the small brain sleep center stay awake
nine days and nights, and work, and feel welle
Another field for experimentation was sought
in the relation of gastric motility and muscular
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twitching during sleep and dreaming.

McGlade (58)

showed that in a group of three persons a group of
twenty to fifty foot movements about one and one-

half minutes apart ended three hours after the onset of sleep when certain foods were eaten one hour
before going to sleep.

The relationship between

these groups of movements and varied ingestion times
was predictable in all cases.

Each foot movement

was found to coincide with the sound of the relaxing
pyloric sphinctere

In the morning the subject re-

membered dreaming during the night and there is
evidence that the dreaming occurred at the end of
the series of movements and accompanied the complete evacuation of the stomach.

Bellebrandt (30)

showed that the normal fasting stomach secretes
continuously day and night, and that the mean acidity of the night secretion exceeds that of the day.
Kleitman and his co-workers (47) in attempting to
determine as closely as possible the actual time
spent in stirring during sleep, discovered that the
time ·~ctually spent in movement is very small,
amounting to one-half of a minute per hour.

They

found a gradual increase in the frequency of movement during sleep so that one moves considerably
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more during the later than· during the earlier part
of the night.

They could demonstrate no definite

connection between temperature changes and motility,
but found that there may be a seasonal variation in
the temperature level and a parallel change in the
motility dur\ng sleep.
Another field is that in which the effect of
alcohol and caffeine upon body motility during sleep
has been studied.

These are the most popular in

the general discussion of drugs contributing towards
sleep and sleeplessness.

Mullin, Kleitman, and

Cooperman report (61) in 1933 that three-hundred
to three-hundred and seventy-five cubic centimeters
of nineteen per-cent alcohol had no marked effect
or produced a decrease in the time spent in movement during sleep.

Alcohol causes a reduction of

motility and body temperature during the first half
of the night and an increase over the controls in
the last part of the night.

Four to six grains of

caffeine produced a marked increase in the motility
and body temperature during sleep.

Two grains caused

no change in temperature and a slight decrease in
movements.

Alcohol gives the subjective impression

of having slept better while larger doses of caffeine

-32produces disturbed sleep.

Stanley and Teacher

working with seven healthy men showed that the
taking of hot water before going to bed decreased
the number of movements per hour but that the taking
of coffee reduced it even more.

Therefore, although

these subjects experienced more di fficulty in going
to sleep, the quality of their sleep was better
with small doses of caffeine--more than that amount
which would be contained in one or two cups of
coffee.
Some very interesting and practical considerations with which all of us are more or less directly
concerned have been reported by Kleitman and his
fellow workers in their monograph, •sieep Characteristics".

They chose six characteristics to indi-

cate the quality of sleep in the thirty-six persons
whoa they observed, with a mean number of 179 nights

per person.

The characteristics chosen were; the

ease of going to sleep, motility during sleep, the
incidence of dreaming, the feeling of being well
rested upon awakening, the duration of sleep, and
the continuity of the sleep.

Of these, three are

seen to be subjective, two objective, and one has
the elements of both.

They found a considerable

-33variation from subject to subject, and in the same
individual from night to night, with respect to
every . sleep charaoteristio.

They showed seasonal

differences in the motility during sleep, lowest
during the spring; the tendency to go to sleep with
ease and the incidence of dreaming being highest
also in the spring.

Naps during the waking period

did not affect the ease of going to sleep, but the

.

degree of sleepiness, as _one would expect, had a
direct indluence in that direction.

Abnormal

gastrointestinal conditions had no effect on the
quality of sleep, but the deviations from the
usual evening routine, feeling "below par", and
illness, had a deleterious effect upon sleep.

Ex-

ternal influences of weather and temperature had
no effect on motility during sleep.

The duration

of sleep is significantly increased by going to
bed earlier and by not using any artificial means
of awakening in the morning.

An eight ounce glass

of hot or cold water, or hot or cold milk, had no
effect upon any of the characteristics of sleep but
one--the incidence of dreaming, which was significantly increased by the foregoing media.

Conclusion
In conclusion we might state that that work
which has been done is obviously patchy and much
of it has neither purpose nor merit, but scattered
as it ie it gives promise of offering us an adeguate
explanation of sleep in the near future.

Each

theory of sleep which has been propounded, with the
possible exception of some of the very early and
poorly substantiated ideas, has some merit.

The

final explanation will not be that of a single
observer but must needs combine several of the
present exiating ideas and add something more.
We do not like to think that something, which has
troubled our greatest minds for hundreds of years,
is explained as simply as saying that it is merely
a cessation of afferent stimuli to the brain, or
is a conditioned reflex, or is due to a center in
the brain, nor do we think that any one of these
is the final word on the subject.
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